For new-tech products manufacturing enterprises, good after-sale service plays an important role in the marketing of new-tech products and promoting the sustainable development. Therefore, how to select and evaluate the service agent will be an inevitable and important job for new-tech manufacturing enterprises. However, the evaluation process and results of the service agent always show fuzziness because of the uncertain evaluation factors. In order to solve this problem, the dissertation firstly introduced methods of fuzzy comprehensive evaluation and multiple attribute decision making from quantitative and qualitative views respectively. Secondly, a method of evaluation on "important" service agent based on fuzzy Borda method was constructed. By the numerical experiment, results show that the fuzzy comprehensive evaluation methods of service agent proposed in this paper are feasible and effective, which provides a new idea to address the problem of evaluating the service agent for new-tech products manufacturing enterprises.
Introduction
Service agent arrangement, which means manufacturers (the principal) entrust the independent third-party (service agent) to do the after-sale service job, is an organization form of after-sale service [1] . Agency relation is a stable contractual relationship in the long term. Service agents operate and gain profits by commission. The commission is paid by the manufacturers (the principal) in the amount of a certain percentage of service profits. The three types of service agent arrangements can be classified as: 1) sole agent, generic agent and general agent according to the scope of the power of agency; 2) maintenance agent, marketing agent and purchasing agent of products or equipment according to the content of agency; 3) service agents in cross region or multiple products and in designated region or products according to the scope of the service agency.
High-tech products are the leading technology products, which use advanced and high-tech fields of science and technology tools and technology, with high technological content and market competitiveness [2] . In China, high-tech products mainly contain new-tech equipment or components that are used in the fields such as aerospace and defense. Compared with traditional enterprises, high-tech enterprises have higher uncertainty during the technological achievements period [3] . Therefore, high-tech products are faced with a changeable market environment in the era of rapid development in modern science and technology. On the one hand, when new-tech products are promoted to the market, the imperfect technology or improper use of them can cause unstable performance or failure because of their attributes. On the other hand, the new-tech products manufacturers expect to devote the limited energy and resources to the development and manufacture of new products. So the demand for service agent of after-sale service of new-tech products appears objectively. Good after-sale service plays an important role in both the marketing of new-tech products and promoting the sustainable development of enterprises. For new-tech products manufacturing enterprises, choosing an improper service agent can not only cause the failure of the new-tech products but also huge losses or even devastating disasters in the enterprise.
The existing literature mainly evaluates the logistics service agent in the aspects of cost, quality and reputation of service. In contrast, there is little research on service agent [4] - [8] . It asks for a service agent to have strong operation efficiency and financial capability to do the after-sale service on certain products with high technology and value. The operational and financial indicators of this type of service agent are usually complete. They are of strong competitiveness. In this dissertation, we call this type of service agent as "important" service agent for new-tech manufacturing enterprises. Because different service agents differ greatly in essence, the manufacturing enterprises of large-scale products of new technology are faced with two problems: how to evaluate the alternative service agents and how to choose the best "important" service agent based on the evaluation.
Because the efficiency and capability of service agent of large-scale new-tech products are fuzzy and often restricted by its comprehensive strength, they can be considered as an important aspect which reflects the efficiency and capability of the "important" service agent. In the process of evaluation on "important" service agent, if the valuator is influenced greatly by his conceptual knowledge or the evaluation method is not scientifically reasonable, inferior "important" service agents may enter into the service agent library or even establish a strategic partnership with enterprises. In this consideration, the method of fuzzy comprehensive evaluation is adopted in this dissertation. In the beginning, fuzzy evaluation method of three types of service agents are put forward. Then, we use quantitative and qualitative assessment indexes to establish a kind of method to evaluate service agents of large-scale products (equipment) of new technology based on the method of fuzzy Borda.
The Fuzzy Evaluation Based on Quantitative Indexes
According to the attributes of "important" service agent and main factors that influence its comprehensive strength, the process of fuzzy comprehensive evaluation based on quantitative indexes is as follows: 1) The rating levels of "important" service agent
In this part, we divide the service agent into five rating levels according to the comprehensive strength of "important" service agent. The result is shown in Table 1 .
2) Normalization processing of raw data in evaluation index system
In the following, we use fifteen "important" service agents of one manufacturing enterprise of new-tech products (represented by letters a, b, c,…, m, n, o) as empirical sample. According to article [1] , eight indexes which reflect the operational and financial condition of the fifteen "important" service agents in one year are chosen as main evaluation indexes ( Table 2) . The raw data is shown in Table 3 . We need to normalize the raw data of evaluation indexes in order to eliminate the dimension of indexes and unify the variation range and direction of the indexes. For positive and negative indexes 1 , we can use the following equation to carry out the normalization processing [9] .
Equation (1) is used when the index is positive (benefit-contribute)
Equation (2) is used when the index is negative (cost-contribute)
In the two equations, By exploiting the above equations, the normalization processing on raw index data can be conducted. The result is shown in Table 4 .
3) Determine the membership function of the indexes
To facilitate discussion, supposing the membership function of each evaluation index which belongs to the five levels is fuzzy normal distribution: Table 5 .
x 1 Positive index means that the bigger the index is, the better the service agent will be and negative index has the opposite meaning. In Table 5 , we gained the membership function of indexes in each level, and the corresponding relationship is as follows. First, we divided the levels into {very good, good, average, bad, very bad} 5 grades; then according to the membership function, we set 1, 0.8, 0.6, 0.4, 0.2 as the parameters, in order to correspond to the 5 grades. 4) Compute the weighted membership degree and determine the level each service agent belongs to.
Firstly, we compute the membership degree of different levels of each corresponding index by using the membership function in Table 4 . The index belongs to each corresponding "important" service agent. Then the level each "important" service agent belongs to is determined according to the maximum membership degree principle. The results are shown in Table 6 .
From Table 5 , we can see j is the best service agent, c and f are the good service agents; e and l are service agents in average level; a, b, d, g and n are bad service agents and the worst service agents are h, i, k, m, o among the fifteen service agents. The above evaluation results offer effective decision-making basis for choosing "important" service agent to a certain degree.
The Fuzzy Multiple Attribute Decision Making (MADM) Based on Qualitative Indexes
The above evaluation system based on quantitative indexes makes a quantitative assessment on "important" service agents. Revaluation which combines some key qualitative indexes should be made on condition that quantitative evaluation meets the requirement. The key qualitative indexes should include the following five aspects. They are quality of service, level of technology, satisfaction of users, relationship of cooperation and capacity to coordinate. The fuzzy multiple attribute decision making method is used to qualitatively evaluate "important" service agents in the following part.
The Theory of Fuzzy Multiple Attribute Decision Making
Let the attribute value of the "important" service agent X i under evaluation attribute G j is interval fuzzy number ,
Since the weight of evaluation attribute G j can't be completely determined, the interval fuzzy decision-making matrix X should be: 11 11  12  12  1  1   21  21  22  22  2  22   1  1  2  2 , , ,
According to the ideology of Grey Relational Analysis, the process of interval fuzzy number multiple attribute decision making on the condition that the information of attribute weight is not complete is presented as follows: 1) Normalize the decision-making matrix Define the matrix after normalization as 
When the attribute index is negative (cost-contribute):
2) Determine the positive and negative ideal points Positive ideal point:
e e e y y
3) Compute the grey relational coefficient of the attribute value from interval fuzzy number to positive ideal point The grey relational coefficient of the attribute value of those "important" service agents from interval fuzzy number to positive ideal point is
e e y y e e y y e e y y e e y y
And the grey relational coefficient of the attribute value of those "important" service agents from interval fuzzy number to negative ideal point is
In addition, the equation to calculate the distance between the interval numbers is
The alphabet γ in formula (9) In this way, the weight vector can be worked out.
5) Evaluate the results
Rank i σ by numerical value. The greater i σ is, the better the "important" service agent is.
Analysis of Examples
Define the five attributes: quality of service (G1), level of technology (G2), satisfaction of users (G3), relationship of cooperation (G4) and capacity to coordinate (G5) as qualitative attributes to evaluate the "important" service agents. Make qualitative evaluation of the first five "important" service agents (j, c, f, e, l) selected by the method of fuzzy comprehensive evaluation. The incomplete hypothesis of weight information is as follows: After the grading by some experts in this field, the fuzzy decision-making matrix X is as follows: 
The fuzzy decision-making matrix after normalization processing is: It can be seen that the five "important" service agents can be ranked as:
In other words, the result of qualitative evaluation of service agent f is the best, and the agent j takes the second place…The result of e is the worst.
Comprehensive Evaluation Based on Fuzzy Borda Method
Fuzzy Borda method based on quantitative and qualitative evaluation is utilized to combine the evaluation results in which way optimization of "important" service agents can be ultimately achieved.
Principle of Fuzzy Borda Method
Fuzzy Borda Method is put forward by C. de Borda [10] [11], which was firstly used in combination evaluation of election. It is designed to get the Borda scores by collecting the evaluation results of the n objects that are evaluated by m assessors. And then, the objects being evaluated will be ranked according to the value of the Borda scores. It is considered by some scholars that the ordering relation which is gained via the Borda method is a qualitative result itself. Therefore, it cannot embody the comprehensive evaluation of the quantitative and qualitative results. To settle the problem, the quantitative conclusion in the third part and the qualitative conclusion in the fourth part are integrated in this part. Some improvements are made on the basis of Borda method, which is known as fuzzy Borda method [12] [13] .
The computational steps of fuzzy Borda method are listed in the following part. First: calculate the degree of membership: 
Analysis of Examples
According to the conclusion of qualitative analysis mentioned above, select five superior service agents (j, c, f, e, l) and integrate the conclusion of quantitative analysis in the third part to calculate. To begin with, do uniformization with the conclusion of fuzzy comprehensive evaluation in the third part (shown in Table 5 ). As it is shown in the classification, grade I to grade V represent that the results are from very good to very bad. Therefore, we can give weight to grade I to V in a descending order, namely, 0.3, 0.25, 0.2, 0.15, 0.1. Furthermore, calculate the degree of membership of each service agent under fuzzy comprehensive evaluation and fuzzy multiple attribute decision making method through Equation (3) and Equation (13) . The following are the results. According to Table 7 , compute the fuzzy frequency of each service agent through Equation (14). The results are listed in the following Table 8 .
Replace the ranks of service agents under fuzzy comprehensive evaluation and fuzzy multiple attribute decision making method with scores through Equation (15) and compute the Borda number according to Equation (16). The results are listed in the following Table 9 . Table 9 . Fuzzy Borda number and ranking results. Therefore, the ranking results based on fuzzy Borda method can be attained: j > c > f > e > l According to the previous result, agent j is the best, c and f are in the second class while e and l are not so good, which is in accordance with the results of quantitative fuzzy evaluation. The ranking results of service agents based on qualitative evaluation is f >j > c > l > e. That is to say, agent f receives the highest qualitative evaluation from experts. As a result, enterprises can adjust the rating level of agent according to their own conditions (in this example, agent f and c get the same level II in quantitative evaluation, shown in Table 5 ).
Conclusions
Focusing on the attributes of "important" service agents, based on the theory of fuzzy evaluation and multiple attribute decision making, this paper discussed how to deal with the uncertainty and fuzziness in the process of evaluating the service agents. Furthermore, methods of comprehensive evaluation and multiple attribute decision making are adopted to evaluate "important" service agents from quantitative and qualitative views respectively. On this basis, fuzzy Borda method was used to combine the results of quantitative and qualitative evaluations to rank the "important" service agents.
As is shown in the examples presented, the evaluation results which are gained from the three methods mentioned have good consistency 3 . Since the fuzzy Borda method combines the quantitative results with the qualitative results, the ranking results based on this method can embody the final evaluation results of "important" service agents. Methods involved in this dissertation are simple, reasonable and operable. It is convenient to make evaluation and selection of "important" service agents of new-tech products. 
